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1. Introduction

7KH�&)7�V\VWHPV�FROOHFW�GDWD�IURP�WKH�VFLQWLOODWLRQ�ILEHUV�YLD�WKH�9/3&V�DQG�$QDORJ�)URQW
(QG� ERDUGV� ZKHUH� WKH� VLJQDOV� DUH� GLJLWL]HG� DFFRUGLQJ� WR� D� SUHGHILQHG� VFKHPH�� � (DFK� DQDORJ
VLJQDO�JLYLQJ�ELUWK�WR�WZR�RU�WKUHH�GLJLWDO�VLJQDOV�

À WKH��DPSOLWXGH��GDWD� LV�JHQHUDWHG�E\�GLJLWL]DWLRQ�RI� WKH� � LQWHJUDWHG�SXOVHV�E\�D�69;�,,
DQG�LV�VHQW�GLUHFWO\�WR�WKH�/��YLD�GHGLFDWHG�WUDQVPLVVLRQ�FKDQQHOV�DQG�LV�XVHG�LQ�WKH��RII
OLQH��HYHQW�UHFRQVWUXFWLRQ�

À WKH��WULJJHU��GDWD�LV�JHQHUDWHG�E\�WKH�6,)7�FKLS�E\�FRPSDULQJ�WKH�DQDORJ�VLJQDO�DJDLQVW
SUHGHILQHG�WKUHVKROGV�

7KH�WULJJHU�VLJQDOV�DUH�VHQG�WR�'LJLWDO�)URQW�(QG�ERDUGV��7KH\�DUH�WKHQ�LQWHUSUHWHG��WR�FUHDWH
SK\VLFDOO\�PHDQLQJIXO�REMHFWV�WKDW�WKH�7ULJJHU�0DQDJHU�FRXOG�XVH�LQ�LWV�WULJJHULQJ�IXQFWLRQV�
)RU�UHDVRQV�RI�EDQGZLGWK� OLPLWDWLRQV�� WKH� LQIRUPDWLRQ�JHQHUDWHG�E\� WKH�'LJLWDO�)URQW�(QG
ERDUGV� LV� QRW� VHQW� GLUHFWO\� WR� WKH�7ULJJHU�0DQDJHUV�� UDWKHU� LW� LV� URXWHG� WR� DQ� LQWHUPHGLDWH
VWDJH��WKH�%URDGFDVWHU�6\VWHP���%HIRUH�WUDQVPLWWLQJ�LQIRUPDWLRQ�WR�WKH�7ULJJHU�0DQDJHUV��WKH
%URDGFDVWHU�ERDUGV� FRQFHQWUDWH� DQG� ILOWHU� WKH� LQIRUPDWLRQ� UHFHLYHG� IURP� WKH�'LJLWDO�)URQW
(QG�ERDUGV�

$V� DQ� H[DPSOH�� )LJXUH� �� VKRZV� LQ� EORFN� GLDJUDP� IRUP� WKH� URXWHV� WKDW� WKH� VLJQDOV� WDNH� WR
UHDFK�WKH�/��DQG�/��&77�DQG�&36�7ULJJHU�6\VWHPV�
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Figure 1.-  Organization of the CFT and CPS data paths for the Trigger
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,Q� WKH� ILJXUH�� WKH� SRLQWV� ZKHUH� GDWD� VHQW� WR� WKH� QH[W� VWDJH� KDV� EHHQ�PRGLILHG� DUH� FOHDUO\
PDUNHG� E\� D� GRW�� � 7KH� QXPEHUV� LQVLGH� WKH� IXQFWLRQDO� EORFNV� FRUUHVSRQG� WR� WKH� QXPEHU� RI
SK\VLFDO�ERDUGV�UHTXLUHG��WKH�PQHPRQLFV�XVHG�LV�DV�IROORZV�

À ')( 'LJLWDO�)URQW�(QG�ERDUG
À %7� %URDGFDVWHU�ERDUG�7\SH��
À %7� %URDGFDVWHU�ERDUG�7\SH��

7KH�PQHPRQLFV�IRU�WKH�GDWD�VWUHDPV�DUH�LQGLFDWHG�E\�WKH�WH[W�ER[HV�QHDU�WKH�V\PEROLF�GDWD
FDEOHV�

)URP� WKH� SRLQW� RI� YLHZ� RI� ERWK� XVHU� DQG� GHVLJQHU�� LW� LV� KLJKO\� GHVLUDEOH� WR� PRQLWRU� WKH
EHKDYLRU�RI�VXFK�FRPSOH[�V\VWHP�

2. Monitoring

2.1. Philosophy

�7KH� VWUHQJWK� DQG� IOH[LELOLW\� RI� WKH� DSSURDFK� WDNHQ� LQ� WKH� JHQHUDWLRQ� RI� WKH� WULJJHU
LQIRUPDWLRQ� LV� QRW�ZLWKRXW� LWV�ZHDNQHVV�� ,Q� WUXWK�� WKH�PRUH� IOH[LEOH� DQG� WKH�PRUH� VWDJHV� RQH
V\VWHP� KDV�� WKH�PRUH� FRPSOH[� DQG�PRUH� SURQH� WR� HUURUV� WKH� V\VWHP� EHFRPHV�� � %HFDXVH� WKH
7ULJJHU� 6\VWHP� LV� WKH� �LQWHOOLJHQFH�� RI� WKH� GDWD� DFTXLVLWLRQ� RI� WKH� GHWHFWRU� �WKH� SDUW� RI� WKH
GHWHFWRU� WKDW� GHFLGHV� ZKLFK� GDWD� WR� WDNH� DQG� ZKLFK� WR� GLVFDUG�� LW� LV� QHFHVVDU\� WR� KDYH� VRPH
PHDQV�WR�PRQLWRU�LWV�EHKDYLRU���7KLV�LPSOLHV�WKDW�ZH�PXVW�EH�DEOH�WR�UHSURGXFH�WKH�RSHUDWLRQV
RQ� DQG� PDQLSXODWLRQV� RI� WKH� �WULJJHU�� GDWD� WKDW� WKH� V\VWHP� SHUIRUPV� LQ� RUGHU� WR� PDNH� LWV
GHFLVLRQV���7KXV��ZH�PXVW�EH�DEOH�WR�LQWHUURJDWH�WKH�GDWD�EHIRUH�DQG�DIWHU�LW� LV�PRGLILHG�E\�WKH
V\VWHP�RU�SDUWV�RI�LW����7KLV�ZD\��ZH�FDQ�VXEPLW�WKH�GDWD�WR�WKH�VDPH�DOJRULWKPV�LPSOHPHQWHG�LQ
WKH�7ULJJHU�6\VWHP�DQG�FRPSDUH�WKH�UHVXOWV�

$V� DQ� H[DPSOH�� OHW� XV� ORRN� DW� WKH� FDVH� RI� WKH� /�&77�� � $W� RQH� OHYHO�� WKH� V\VWHP� FDQ� EH
LQWHUSUHWHG�DV�D�VLQJOH�IXQFWLRQDO�EORFN�DV�UHSUHVHQWHG�RQ�)LJ������7KH�IXQFWLRQDO�EORFN

ANALOG
FRONT END
BOARD

L2 CTT
Trigger
Functions

L3
and

OFF LINE

Figure 2.-  The L2CTT as a single functional block
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ODEHOHG��/��&77�7ULJJHU�)XQFWLRQV��UHFHLYHV�DV�LQSXW�WKH�VDPH�GDWD�WKDW�WKH�/���WKH�UDZ�WULJJHU
GDWD� �57'��JHQHUDWHG�E\� WKH�$QDORJ�)URQW�(QG�ERDUGV�� �7KLV�GDWD� LV� WUDQVIRUPHG�E\� WKH��/�
&77�7ULJJHU�)XQFWLRQV��LQWR�WKH�ILQDO�/��WULJJHU�GDWD��/�7'��DQG�LV�XVHG�LQ�WKH�GDWD�DFTXLVLWLRQ
GHFLVLRQ�DQG�PDGH�DYDLODEOH�WR�WKH�/����0DWKHPDWLFDOO\�

L2TD = TF(RTD)

7KH�/���RU�2II�/LQH��KDV�D�FRS\�RI�WKH�LQSXW�GDWD�DQG�UHVXOWV�RI�WKH�/�&77�DV�ZHOO�DV�D�LPDJH
,7)�[��RI�WKH�IXQFWLRQ�7)�[��DQG�FDQ�SHUIRUP�WKH�PLUURU�RSHUDWLRQ

L2TD’ = IFT(RTD)

7KHQ��D�FRPSDULVRQ�RI�/�7'�DQG�/�7'
�WHOO�XV�LI�WKH�/�&77�LV�SHUIRUPLQJ�DV�H[SHFWHG���)URP
WKH�SRLQW�RI�YLHZ�RI�WKH�XVHU��WKLV�PD\�EH�VXIILFLHQW�LQVRPXFK�DV�KH�VKH�LV�FRQFHUQHG�RQO\�DERXW
WKH�LQWHJULW\�RI�WKH�GDWD���)URP�WKH�SRLQW�RI�YLHZ�RI�WKH�GHVLJQHU�RU�WKH�SHRSOH�LQ�FKDUJH�RI�WKH
PDLQWHQDQFH�RI�WKH�V\VWHP�WKLV�LV�QRW�HQRXJK���8VLQJ�WKH�VDPH�H[DPSOH��D�ORRN�DW�)LJ����VKRZV
WKDW�WKH�IXQFWLRQ�7)�[��LV�UHDOO\�EURNHQ�LQWR�VHYHUDO�IXQFWLRQV

TF(x) = L2CT( B2( B1( DE( RTD))))

HDFK�RQH�LPSOHPHQWHG�LQ�D�GLIIHUHQW�SLHFH�RI�KDUGZDUH���7KH�UDZ�WULJJHU�GDWD�DQG�WKH�ILQDO�WULJJHU
GDWD�DUH�UHODWHG�E\�VHULHV�RI�VHTXHQWLDO�RSHUDWLRQV

L2TD = L2CT(B2D)

B2D = BT2(B1D)

B1D = BT1(DED)

DED = DE(RTD)

ZKHUH�WKH�PQHPRQLFV�XVHG�FRUUHVSRQG�WR�WKH�RQHV�LQ�)LJ�������7KLV�LV�VKRZQ�LQ�IXQFWLRQDO�EORFN

AFE

(Thresholdl)

L3 and/or OFFLINE
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(DFE)

BOCT
BT1
(B1)
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L2CTTpp
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Figure 3.-  The L2CTT as a multiple functional blocks
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GLDJUDP�IRUP�LQ�)LJ����

7KH� OHWWHULQJ� LQVLGH� WKH� ER[HV� JLYH� WKH� PQHPRQLFV� XVHG� IRU� WKH� KDUGZDUH� DQG� �LQ
SDUHQWKHVLV�� LWV� IXQFWLRQ�� �7KH� GDWD� WUDQVIHUUHG� WR� WKH�/�� LV� DOVR� QDPHG�� � 7KH� WKLQ� GDVK� OLQHV
LQGLFDWH�WKDW�WKH�LQSXW�GDWD�WR�WKH�ER[�LV�GXSOLFDWHG�LQ�WKH�RXWSXW�RI�WKH�VDPH�ER[�WR�WKH�/��

7R�SHUIRUP�D�FRUUHFW�DQDO\VLV�RI�WKH�EHKDYLRU�RI�WKH�/��&77�WULJJHU��WKH�/���RU�2II�/LQH�
PXVW�KDYH�DQ�LPDJH�RI�HDFK�RI�WKH�IXQFWLRQV�WKDW�WKH�KDUGZDUH�SHUIRUPV���,W�DOVR�PXVW�KDYH�WKH
LQSXW�DQG�RXWSXW�GDWD�RI�HDFK�RI�WKH�PRGXOHV���,Q�RWKHU�ZRUGV��LW�LV�QHFHVVDU\�WR�KDYH�D�IDLWKIXO
VRIWZDUH�VLPXODWLRQ�RI�WKH�KDUGZDUH�DQG�DFFHVV�WR� LQWHUPHGLDWH�GDWD�� �%RWK�UHTXLUHPHQWV�PXVW
EH�LPSOHPHQWHG�DOVR�WR�GHILQH�RI�WKH�SURSHUWLHV�RI�WKH�WULJJHU��WXUQ�RQ��HIILFLHQF\��HWF���QHHGHG
IRU�D�SURSHU�DQDO\VLV�RI�WKH�GDWD�� �7KH�VHFRQG�UHTXLUHPHQW� LV�DFKLHYHG�E\�DGGLWLRQDO�GDWD�SDWKV
EHWZHHQ�WKH�KDUGZDUH�LPSOHPHQWLQJ�WKH�WULJJHU�IXQFWLRQV�DQG�WKH�/��

2.2. Implementation

$OPRVW�HYHU\�ERDUG� LQ�WKH�&)7�&36�)36�)37�FDQ�EH� OLQNHG�WR�WKH�/��YLD�D�*�/LQN�� WKH
H[FHSWLRQ�EHLQJ�WKH�')(���,I�HDFK�ERDUG�ZHUH�OLQNHG�WR�WKH�/���WKH�VLPSOHVW�LPSOHPHQWDWLRQ�ZLOO
FRQVLVW�LQ�VHQGLQJ�D�GXSOLFDWH�RI�HYHU\�RXWSXW�WR�WKH�/�����%HFDXVH�WKH�OLPLWDWLRQV�LQ�ERDUG�VSDFH�
WKDW� LW� LV� QRW� SRVVLEOH� IRU� WKH�')(�ERDUGV��7KLV�ZRXOG� LPSOLH� WKDW� WKH� LQSXW� GDWD� WR� WKH� ILUVW
%URDGFDVWHU�ERDUGV�ZLOO�QR�EH�DYDLODEOH�� �7KXV��D�GLIIHUHQW�DSSURDFK� LV�UHTXLUHG�� �7R�VROYH�WKLV
SUREOHP��LQVWHDG�RI�HDFK�ERDUG�VHQGLQJ�LWV�RXWSXW�GDWD�WR�WKH�/��LW�VHQGV�D�FRS\�RI�LWV�LQSXW�GDWD
DV�VKRZQ�RQ�)LJ������7KLV�ZD\�QR�GDWD�LV�ORVW���7KDW�LV�WUXH�DOVR�IRU�WKH�')(�ERDUG�HYHQ�WKRXJK
WKH�')(�ERDUG�KDV�QR�GLUHFW�FRQQHFWLRQ�ZLWK�WKH�/����7KLV�LV�SRVVLEOH�EHFDXVH�WKH�$QDORJ�)URQW
(QG�ERDUG�XVHV�D�9LUWXDO�69;�,,�FKLS�WR�VHQG�D�FRS\�RI�WKH�GDWD�LW�VHQW�WR�WKH�')(�WR�WKH�/��

7KLV�DSSURDFK�VROYH�WZR�RWKHU�SUREOHPV�

À ZKDW�WR�GR�ZKHQ�D�SDUWLFXODU�ERDUG�VHQGV�GLIIHUHQW� LQIRUPDWLRQ�WR�GLIIHUHQW
VXEV\VWHPV�

À KRZ� WR� LQIRUP� WKH� /�� RI� SRVVLEOH� WUDQVPLVVLRQ� HUURUV� ZLWKRXW� PDNLQJ
EDFNZDUG�GDWD�WUDQVIHUV�

3. Data sent to the L3

3.1. The Analog Front End Board

$OO� RI� WKH� GDWD� IURP� WKH� VFLQWLOODWLRQ� ILEHUV� DQG� WKH� 3UH6KRZHU� VWULSV� RULJLQDWHV� RQ� WKH
$QDORJ� )URQW� (QG�� $)(�� ERDUGV�� � 7KHVH� ERDUGV� UHFHLYH�� GLVFULPLQDWH� DQG� GLJLWL]H� WKH� DQDORJ
VLJQDOV�IURP�WKH�9/3&
V�� �7KH�VLJQDOV�DUH�GLJLWL]HG� LQ�69;��FKLSV�DQG�WKH�GLJLWL]HG�YDOXHV�DUH
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UHDG�RXW�XSRQ�D� OHYHO��� DFFHSW�ZLWK� WKH�6HTXHQFHU�ERDUGV�DQG�95%�ERDUGV��7KH�$)(�ERDUGV
DOVR� FRPSDUH� WKH� DQDORJ� VLJQDOV� DJDLQVW� RQH� �WZR�� WKUHVKROG�V�� FUHDWLQJ� D� IDVW� GLJLWDO� �57'�
RXWSXW�� ZKLFK� LV� XVHG� ODWHU� LQ� WKH� WULJJHU�� � 7KLV� VLJQDO� LV� LQVHUWHG� LQWR� WKH� 69;� GDWD� VWUHDP
RULJLQDWHG�IURP�HDFK�$)(�ERDUG�ZLWK�D�9LUWXDO�69;��969;��FKLS���7KH�969;�FKLS�SDFNV�WKH
GLVFULPLQDWRU�ELWV�LQWR���ELW�E\WHV�DQG�D�KHDGHU��WUDLOHU�DQG�69;�DGGUHVVHV���7KLV�LQIRUPDWLRQ�LV
WKHQ� LQVHUWHG� LQWR� WKH� ERDUG� UHDGRXW� VWUHDP� DV� RQH� RU�PRUH� DGGLWLRQDO� 69;� FKLSV�PDNLQJ� LW
DYDLODEOH�WR�WKH�/�����7KLV�GDWD�LV�SDFNHG�LQWR�VHYHUDO��ELW�E\WHV�

3.2. The CFT/CPS System

7KH�RUJDQL]DWLRQ�RI�WKH�&)7�&36�/��DQG�/��ZLWK�WKH�SURSRVHG�OLQNV�WR�/��LV�SUHVHQWHG�RQ
)LJ�������,W�VKRZV����*�/LQNV�VHQGLQJ�LQIRUPDWLRQ�WR�WKH�/��� �7KHVH����OLQNV�DUH�JURXSHG�LQWR
WKUHH�GLVWLQFWLYH�VHWV��QDPHO\��'DWD������*�/LQNV���'DWD��� ���*�/LQN��DQG�'DWD��� ���*�/LQNV��
7KH�SURWRFRO�IROORZHG�IRU�WKHVH�GDWD�WUDQVIHUV�LV�WKH�VDPH�XVHG�IRU�WKH�/��GDWD�WUDQVIHUV�ZKLFK
KDYH�EHHQ�H[SODLQHG�LQ�GHWDLO�LQ�'��1RWHV������DQG��������7KH�GDWD�VHQW�E\�HDFK�VHW�RI�*�/LQN
LV�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQV�

To L1CTT

To L2CPSpp

To L2CFTpp

Figure 4.-  Organization of the CFT and CPS data paths for the Trigger
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3.2.1. CFT/CPS Axial Data from Octant Cards

7KH�ILUVW�VHW�RI�%URDGFDVWHU�ERDUGV�UHFHLYHV�WKH�57'�IURP�IRUW\�')(�ERDUGV���(DFK�ERDUG
UHFHLYHV� GDWD� IURP� ILYH� ')(� YLD� WZR� /9'6� OLQNV� FUHDWLQJ� D� YLUWXDO� RFWDQW�� DQG� HDFK� ERDUG
UHFHLYHV�/��DQG�/��GDWD���,Q�WKH�QRUPDO�PRGH�RI�RSHUDWLRQ��WKH�')(�VHQGV�D�FRQWLQXRV�VWULQJ�RI
/��GDWD�IRUPDWWHG�LQWR�UHFRUGV�FRQVLVWLQJ�RI�VHYHQ���ELW�IUDPHV���7KXV��RQH�7\SH���%URDGFDVWHU
ERDUG�UHFHLYHV������ELWV�HYHU\����QV���$IWHU�D�/��$FFHSW�VLJQDO�LV�LVVXHG��WKH�')(�ERDUGV�VZLWFK
IXQFWLRQV�DQG�VHQGV�WZR�FRQVHFXWLYH�/��GDWD� UHFRUGV�� WKH�ILUVW�GHGLFDWHG�WR�WUDFNV� LQIRUPDWLRQ
�/�&)7�� DQG� WKH� VHFRQG� ZLWK� 36� $[LDO� FOXVWHU� LQIRUPDWLRQ� �/�&36� $[LDO��� � 7KH� PD[LPXP
LQIRUPDWLRQ� FRQWDLQHG� LQ� WKHVH� WZR� UHFRUGV� FRUUHVSRQGV� WR� IRUW\�VHYHQ� WUDFNV� DQG� VL[WHHQ
FOXVWHUV�UHVSHFWLYHO\����7KLV�WUDQVODWHV�LQWR�D�PD[LPXP�RI������������������������� �����
ELWV�IRU�WKH�WHQ�UHFRUGV�ZLWK�WUDFN�LQIRUPDWLRQ�DQG��������������������� ������ELWV�IRU�WHQ
UHFRUGV�ZLWK� FOXVWHU� LQIRUPDWLRQ��� � � 3ULRU� WR� WUDQVIHU� WR� WKH� /��� WKLV� LQIRUPDWLRQ� QHHGV� WR� EH
UHIRUPDWWHG�LQWR�/��/��*�/LQN�SURWRFROV���7KLV�LQFOXGHV�UHSDFNDJLQJ�WKH�GDWD�LQ����ELWV�ZRUGV�
DGGLQJ�SRVVLEOH� FRPPXQLFDWLRQ� HUURUV�GHWHFWHG�� LQVHUWLQJ� WKH�QHFHVVDU\� KHDGHU� DQG� WUDLOHU� DQG
NHHSLQJ�RQO\�SHUWLQHQW�LQIRUPDWLRQ�

�$IWHU�DOO�LV�GRQH��WKH�LQIRUPDWLRQ�WR�EH�VHQW�WR�WKH�/��UHTXLUHV�WKUHH�UHFRUGV�DV�IROORZV�

À 5HFRUG����/��GDWD +HDGHU����ZRUGV�
������������������������������ /��LQSXW�GDWD�����ZRUGV�

(UURU�,QIRUPDWLRQ����ZRUG�
7UDLOHU����ZRUG�

IRU�D�WRWDO�RI����ZRUGV��������ELWV��

7KHUH�DUH����GDWD�VHWV��RQH�IRU�HDFK�LQSXW��ZKHUH�WKH�LQIRUPDWLRQ�KDV�EHHQ�UHSDFNDJHG�WR
ILW�WKH���ELW�IUDPH�IRUPDW���7KLV�LV�VKRZQ�RQ�)LJ������$OO�GDWD�ILHOGV�KDYH�WKH�VDPH�PHDQLQJ�DV�WKH
RQHV�XVHG�LQ�WKH�/��GDWD�WUDQVIHU�IURP�WKH�')(�WR�WKH�%URDGFDVWHU���7R�WKHVH�WZR�PRUH�ILHOGV
KDYH�EHHQ�DGGHG��D�FRS\�RI��6HFWRU�$GGUHVV��WKDW�LV�SDUW�RI�WKH�KHDGHU�LQ�D�/��GDWD�WUDQVIHU�DQG
WKH� FRSLHV� RI� WKH� 7UDQVYHUVDO� 3DULW\� �ELW� ���� XVHG� LQ� WKH� /9'6� WUDQVIHUV�� � 7KLV� ZD\� RI
UHSDFNDJLQJ� WKH� LQIRUPDWLRQ� LV� QRW� WKH� PRVW� HIILFLHQW�� EXW� LW� LV� WKH� RQH� WKDW� LV� FRQWHQW
LQGHSHQGHQW�

$� PRUH� HIILFLHQW� ZD\� WR� UHSDFNDJH� WKH� LQIRUPDWLRQ� WDNHV� DGYDQWDJH� RI� WKH� ELWV� ZLWKRXW
LQIRUPDWLRQ�FRQWHQW��]HUR�ILOOLQJ�ELWV��DV�LW�LV�VKRZQ�RQ�)LJ���$�LQ�WKH�$SSHQGL[���1RWH�WKDW�WKLV
ELW� LV� DW� WKH�EHJLQQLQJ�RI� WKH�ELW� VWULQJ� LQVWHDG�RI� DW� WKH� HQG� DV� LW� LV� JHQHUDWHG� IRU� WKH� /9'6
WUDQVIHUV���7KLV�LV�GRQH�WR�KDYH�D�WUDQVIHU�GDWD�FRGH�ZKHUH�QR�ILHOGV�DUH�VWUDGGOHG�EHWZHHQ�GDWD
IUDPHV���1RWH�DOVR�WKDW�WKH�GDWD�HQFRGLQJ�XVHG�LQ�WKH�/��WUDQVIHUV�LV�VWURQJO\�GHSHQGHQW�RI�WKH
ZD\�WKH�/��GDWD�LV�IRUPDWWHG����7KLV�SDFNDJLQJ�LV�VWURQJO\�FRQWHQW�GHSHQGHQW�

                                                 

1 To understand how these numbers are obtained, it is necessary to understand the protocols and data
encoding used by the DFE to send information via the LVDS Links.  This information is presented in detail in
Manuel's DØ Note 3626.
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�

À 5HFRUG����/�&)7SS�GDWD +HDGHU����ZRUGV�
WKHUH�DUH����/��&)7�LQSXW�GDWD�UHFRUGV�HDFK�ZLWK
D�PD[LPXP�RI� ��� WUDFNV�QHHGLQJ� D�PD[LPXP�RI

D5 D4 D3 D2 D1 D0 D9D6D7 D8D15 D14 D13 D12 D11 D10

Header  3  words  (96 bits)

)LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\

7UDLOHU�����ZRUG������ELWV�

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV�RI�����/9'6�)UDPH )LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI�����/9'6

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI�����/9'6�)UDPH

F3 F4 F5 F6 F7 F8F2F1 F9 F10 =HURV

R
1
0

Figure 5.-  L3 data transfer of 10 L1 data input records

����/9'6�)UDPH���7KLUG�%\WH

����/9'6�)UDPH���6HFRQG�%\WH

�����/9'6�)UDPH���)LUVW�%\WH

�����/9'6�)UDPH���7KLUG�%\WH

�����/9'6�)UDPH���6HFRQG�%\WH����/9'6�)UDPH���)LUVW�%\WH

����/9'6�)UDPH���7KLUG�%\WH

����/9'6�)UDPH���6HFRQG�%\WH

����/9'6�)UDPH���)LUVW�%\WH

����/9'6�)UDPH���7KLUG�%\WH

����/9'6�)UDPH���6HFRQG�%\WH����/9'6�)UDPH���)LUVW�%\WH

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV

�����/9'6�)UDPH���7KLUG�%\WH

�����/9'6�)UDPH���6HFRQG�%\WH����/9'6�)UDPH���)LUVW�%\WH

6HFWRU�$GGUHVV

=HURV
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�������������  � ���� ZRUGV� LQFOXGLQJ� 3DULW\
LQIRUPDWLRQ
7UDLOHU����ZRUG�

IRU�D�WRWDO�RI�����ZRUGV��������ELWV��PD[LPXP�

,Q�JRRG�SUREDELOLW\��WKLV�PD[LPXP�ZLOO�QHYHU�EH�UHDFKHG�EHFDXVH�VXFK�DQ�HYHQW�ZRXOG�QRW
SDVV�WKH�/��7ULJJHU�UHTXLUHPHQWV���,QFOXGLQJ�IDNHV��WKH�H[SHFWHG�DYHUDJH�RI�WUDFNV�SHU������VHFWRU
LV�RI� WKH�RUGHU�RI� HLJKW�� �7KLV�ZLOO� UHTXLUH� WKH� WUDQVIHU� WR�/��RI�@� ���ZRUGV� �������ELWV��RQO\�
)LJXUH���VKRZV�WKH�GDWD�VWUXFWXUH�XVHG�IRU�WKLV�/��LQIRUPDWLRQ�WUDQVIHU�

D5 D4 D3 D2 D1 D0 D9D6D7 D8D15 D14 D13 D12 D11 D10

Header  3  words  (96 bits)

7UDLOHU�����ZRUG������ELWV�

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV�RI�����/9'6�)UDPH )LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI�����/9'6
)

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI�����/9'6�)UDPH

F3 F4 F5 F6 F7 F8F2F1 F9 F10 =HURV

R
1
0

Figure 6.-  L3 data transfer of 10 L2CFTpp data input records

3WΦ one of 44

)LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV

6(&725��$''5(661XPEHU�RI�)UDPHV�LQ�WKLV�5HFRUG

��7UDFNV�3W�0 ��7UDFNV�3W�0 ��7UDFNV�3W�0 ��7UDFNV�3W�0

([W��3WH L SeIS0 Tag

3WΦ one of 44 ([W��3WH L SeIS0 Tag

)LOOLQJ�=HURV
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À 5HFRUG����/�&36SS�$[LDO +HDGHU����ZRUGV�
/�� &36� $[LDO� LQSXW� GDWD� ���� ZRUGV�� LQFOXGLQJ
(UURU�LQIRUPDWLRQ
7UDLOHU����ZRUG�

IRU�D�WRWDO�RI����ZRUGV��������ELWV�

$V�LQ�WKH�SUHYLRXV�FDVH��WKH�H[SHFWHG�QXPEHU�RI�FOXVWHUV�SHU������VHFWRU�LV�DERXW�IRXU�LQVWHDG
RI�WKH�PD[LPXP�HLJKW���8VLQJ�WKH�H[SHFWHG�QXPEHU��WKH�OHQJWK�RI�WKHVH�UHFRUGV�LV�@����ZRUGV�RU
������ELWV���)LJXUH���VKRZV�WKH�GDWD�VWUXFWXUH�XVHG�IRU�WKLV�/��LQIRUPDWLRQ�WUDQVIHU�

$OO� WKHVH� WKUHH�GLIIHUHQW� UHFRUGV� DUH� FRQFDWHQDWHG� DQG� VHQW� WR�/��XVLQJ� WKH� HLJKW�*�/LQNV
ODEHOHG��'DWD���WR�/���RQ�)LJ����� �7KH�ZRUVW�FDVH�VFHQDULR�FDOOV�IRU�D� WUDQVIHU�RI�������ELWV�RI
LQIRUPDWLRQ���7KLV�WUDQVIHU�ZLOO�WDNH�������µV�

D5 D4 D3 D2 D1 D0 D9D6D7 D8D15 D14 D13 D12 D11 D10

Header  3  words  (96 bits)

7UDLOHU�����ZRUG������ELWV�

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV�RI�����/9'6�)UDPH )LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI�����/9'6
)

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI�����/9'6�)UDPH

F3 F4 F5 F6 F7 F8F2F1 F9 F10 =HURV

R
1
0

Figure 7.-  L3 data transfer of 10 L2CPSpp Axial data input records

3WΦ one of cluster

6(&725��$''5(66

)LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV

1XPEHU�RI�)UDPHV�LQ�WKLV�5HFRUG

H L SN/S0 TagWidth of cluster

3WΦ one of cluster H L SN/S0 TagWidth of cluster

)LOOLQJ�=HURV
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3.2.2. CFT/CPS Axial Data from Singlet Card

7KH�/��GDWD�JHQHUDWHG�E\�WKH�2FWDQW�FDUGV�LV�VHQW�WR�D�6LQJOHW�FDUG���7KLV�FDUG�FRQVWUXFWV�D

D5 D4 D3 D2 D1 D0 D9D6D7 D8D15 D14 D13 D12 D11 D10

Header  3  words  (96 bits)

)LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\

7UDLOHU�����ZRUG������ELWV�

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV�RI�����/9'6�)UDPH )LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI�����/9'6

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI�����/9'6�)UDPH

F3 F4 F5 F6 F7 F8F2F1 F9 F10 =HURV

R
1
0

Figure 8.-  L3 data transfer of 8 Octant data input records

����/9'6�)UDPH���7KLUG�%\WH

����/9'6�)UDPH���6HFRQG�%\WH

�����/9'6�)UDPH���)LUVW�%\WH

�����/9'6�)UDPH���7KLUG�%\WH

�����/9'6�)UDPH���6HFRQG�%\WH����/9'6�)UDPH���)LUVW�%\WH

����/9'6�)UDPH���7KLUG�%\WH

����/9'6�)UDPH���6HFRQG�%\WH

����/9'6�)UDPH���)LUVW�%\WH

����/9'6�)UDPH���7KLUG�%\WH

����/9'6�)UDPH���6HFRQG�%\WH����/9'6�)UDPH���)LUVW�%\WH

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV

����/9'6�)UDPH���7KLUG�%\WH

�����/9'6�)UDPH���6HFRQG�%\WH����/9'6�)UDPH���)LUVW�%\WH

2FWDQW�$GGUHVV

=HURV

����/9'6�)UDPH���6HFRQG�%\WH ����/9'6�)UDPH���7KLUG�%\WH

)LOOLQJ�=HURV����/9'6�)UDPH���)LUVW�%\WH
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OLVW� RI� SRVVLEOH� 7ULJJHU� 7HUPV� XS� WR� D� PD[LPXP� RI� QLQHW\�VL[�� � 7KH� OLVW� RI� 7ULJJHU� 7HUPV
JHQHUDWHG�LV�VHQW�WR�D�P�7ULJJHU�0DQDJHU�FDUG�IRU�IXUWKHU�SURFHVVLQJ���%HFDXVH�WKLV�6LQJOHW�FDUG
LV� PDQLSXODWLQJ� DQG� PRGLI\LQJ� LWV� LQSXW� GDWD�� IROORZLQJ� WKH� HVWDEOLVKHG� UXOHV� IRU� VHQGLQJ
LQIRUPDWLRQ�WR�WKH�/���WKH�LQSXW�RI�WKLV�FDUG�LV�VHQW�WR�/��

7KH�SURWRFRO�DQG�WKH�GDWD�ELW�SDWWHUQ�XVHG�LV�SUHVHQWHG�RQ�)LJ������$�FRPSDULVRQ�ZLWK�)LJ���
VKRZV�VWURQJ�VLPLODULWLHV�� � ,QVWHDG�RI� WKH�DGGUHVV�RI� WKH�6HFWRU�� LQ� WKLV�FDVH� WKH�DGGUHVV�RI� WKH
2FWDQW�LV�JLYHQ���$QRWKHU�GLIIHUHQFH�LV�WKDW�KHUH�WKHUH�DUH�����ELWV�RI�LQSXW�GDWD��FRUUHVSRQGLQJ
WR�WKH�VL[�IXOO���ELW�IUDPHV�RI�WKH�LQSXWV�♣����7KH�DPRXQW�RI�GDWD�VHQW�WR�WKH�/��LQ�WKLV�FDVH�LV

À 5HFRUG���/�&36SS�$[LDO +HDGHU����ZRUGV�
/��&36�$[LDO� LQSXW�GDWD�RI��������� ����ZRUGV
LQFOXGLQJ�(UURU�LQIRUPDWLRQ
7UDLOHU����ZRUG�

IRU�D�WRWDO�RI����ZRUGV��������ELWV�

7KH�WLPH�WKDW�LV�UHTXLUHG�IRU�WKH�WUDQVIHU�RI�WKLV�5HFRUG�LV�������µV���7KHVH�5HFRUGV�DUH�VHQW
WR�/��XVLQJ�WKH�HLJKW�*�/LQNV�ODEHOHG��'DWD���WR�/���RQ�)LJ����

3.2.3. CPS Stereo

7KHUH�DUH�WZR�%URDGFDVWHU�ERDUGV�QDPHG�/�&36�6WHUHR��%7���HDFK�UHFHLYLQJ�/��GDWD�IURP
ILYH�'LJLWDO�)URQW�(QG�FDUGV�DV�VKRZQ�RQ�)LJ������(DFK�RI�WKHVH�%URDGFDVWHU�ERDUGV�VHQGV�GDWD
GLUHFWO\� WR� WKH�/�&36SS�DQG�WR� WKH�/��� �7KH�/��ELW�SDWWHUQ� LV� VKRZQ�RQ�)LJ����� �7KLV�SDWWHUQ
FRUUHVSRQGV�WR

À 5HFRUG���/�&36SS�6WHUHR +HDGHU����ZRUGV�
/�� &36� 6WHUHR� LQSXW� GDWD� RI� D� PD[LPXP� RI� ��
FOXVWHUV�SHU�')(�JLYLQJ����������� ����ZRUGV
LQFOXGLQJ�(UURU�LQIRUPDWLRQ
7UDLOHU����ZRUG�

IRU�D�WRWDO�RI����ZRUGV��������ELWV�

7KH�WLPH�WKDW�LV�UHTXLUHG�IRU�WKH�WUDQVIHU�RI�WKLV�5HFRUG�LV�������µV���7KHVH�5HFRUGV�DUH�VHQW
WR�/��XVLQJ�WKH�HLJKW�*�/LQNV�ODEHOHG��'DWD���WR�/���RQ�)LJ����

                                                 

♣ For the explanation see DØ Note 3626
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�

3.3. The SST System

7KH� RUJDQL]DWLRQ� RI� WKH� 677� /�� ZLWK� WKH� SURSRVHG� OLQNV� WR� /�� LV� SUHVHQWHG� RQ� )LJ�� ���
%DVLFDOO\�WKHUH�DUH�WZR�W\SHV�RI�%URDGFDVWHU�FDUGV�

À RQH� VHW� RI� VL[� FDUGV�ZKRVH� LQSXWV� FRPH� GLUHFWO\� IURP� WKH�')(� ERDUGV� DQG� VHUYH� WKH
RYHUODSSLQJ�DUHDV�RI�WKH�&)7

À RQH�VHW�RI�VL[�FDUGV�WR�JHQHUDWH�WKH�6H[WDQW���7KHLU�LQSXWV�DUH�D�PL[�RI�WZR�RXWSXWV�RI�WKH
SUHYLRXV�VHW�DQG�VHYHQ�RU�HLJKW�GLUHFW�RXWSXWV�RI�WKH�')(�

D5 D4 D2 D0 D9D14 D13

Header  3  words  (96 bits)

7UDLOHU�����ZRUG������ELWV�

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV�RI����/9'6�)UDPH )LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI����/9'6

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI����/9'6�)UDPH

F3 F4F2F1 =HURV

R
1
0

Figure 9.-  L3 data transfer of 5 L2CPSpp Stereo data input records

Φ Relative Address of cluster

6(&725��$''5(66

)LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV

1XPEHU�RI�)UDPHV�LQ�WKLV�5HFRUG

H LN/S U V Cluster Width

Φ Relative Address of cluster H LN/S U V Cluster Width

)LOOLQJ�=HURV
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��2QO\�WKH�VHFRQG�VHW�RI�FDUGV�QHHGV�WR�VHQG�LQIRUPDWLRQ�WR�WKH�/��� �7KH� LQIRUPDWLRQ�WKDW
WKHVH�FDUGV�VHQG�WR�WKH�/��UHIOHFWV�RQO\�WKH�RXWSXW�RI�WKH�RWKHU�VHW���7KLV�DJUHHV�ZLWK�WKH�RYHUDOO
SKLORVRSK\�RI�PRQLWRULQJ�GHEXJJLQJ�XVLQJ�WKH�/�� OLQNV�� �7KH�/��ELW�SDWWHUQ� LV� LGHQWLFDO�WR�WKH
SDWWHUQ�XVHG�E\�WKH�2FWDQW�FDUGV�VKRZQ�RQ�)LJ�����RQO\�WKH�OHQJWK�RI�WKH�UHFRUG�FKDQJHV�

5HFRUG���/�677�2YHUODSSLQJ +HDGHU����ZRUGV�

/��&)7�WUDFNV�QHHGHG�E\�WKH�/��677�WR�FRPSOHWH
D� 6H[WDQW� ZLWK� WKH� RYHUODSSLQJ� UHJLRQ� LQFOXGHG�
1RWH�WKDW�HDFK�6H[WDQW�UHTXLUHV�RQO\�WUDFNV�ZLWK�D
VSHFLILF� 3W� VLJQ� IURP� RQH� RI� WKH� RYHUODSSLQJ
UHJLRQV�DQG� WUDFNV�RI� WKH�RSSRVLWH� VLJQ� IURP� WKH
RWKHU� RYHUODSSLQJ� UHJLRQ�� 7KLV� WUDQVODWHV� LQWR
PD[LPXP� ��������������������  � ���� ZRUGV
LQFOXGLQJ�(UURU�LQIRUPDWLRQ
7UDLOHU����ZRUG�

IRU�D�WRWDO�RI�����ZRUGV��������ELWV�

Figure 10.-  Organization of the SST data paths for the Trigger
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7KH�WLPH�WKDW�LV�UHTXLUHG�IRU�WKH�WUDQVIHU�RI�WKLV�5HFRUG�LV�������µV���7KHVH�5HFRUGV�DUH�VHQW
WR�/��XVLQJ�WKH�HLJKW�*�/LQNV�ODEHOHG��'DWD���WR�/���RQ�)LJ�����

3.4. The FPS System

7KH�6\VWHP�$UFKLWHFWXUH� IRU� WKH�)36� LV� VKRZQ�RQ�)LJ�� ���� � � ,Q� WKLV� FDVH�� WKH�6LQJOHW� FDUG

UHFHLYHV� LQIRUPDWLRQ� IURP� IRXU� 1RUWK�6RXWK� FDUGV� �OLNH� 2FWDQW� FDUGV��� � � $IWHU� ILOWHULQJ� WKLV
LQIRUPDWLRQ��LW�JHQHUDWHV�D�OLVW�RI�SRVVLEOH�WULJJHU�WHUPV�XS�WR������7KH�WULJJHU�WHUPV�DUH�VHQW�WR�D
P�7ULJJHU� 0DQDJHU� W\SH� FDUG� IRU� VHOHFWLRQ� RI� WKH� XVHG� 7ULJJHU� 7HUPV� LQ� WKH� 5XQ�� � � 7KH
LQIRUPDWLRQ�VHQW�WR�WKH�/�)36SS�LV�JHQHUDWHG�LQ�WKH�1RUWK�6RXWK�FDUGV�IURP�WKH�LQSXW�VLJQDOV
UHFHLYHG�GLUHFWO\�IURP�WKH�')(�FDUGV���7KH�*�/LQN�ODEHOHG��'DWD���WR�/���VHQG�WZR�UHFRUGV�RI
WKH�LQSXWV�WR�WKH�1RUWK�6RXWK�FDUG��RQH�IRU�/��GDWD�DQG�RQH�IRU�/��GDWD�

À 5HFRUG����/��GDWD +HDGHU����ZRUGV�
������������������������������ 7KH�/��LQSXW�GDWD�FRQVLVWV�RI�������� ���ZRUGV

(UURU�,QIRUPDWLRQ����ZRUG�
7UDLOHU����ZRUG�

IRU�D�WRWDO�RI����ZRUGV��������ELWV��

7KLV� UHFRUG�KDV� H[DFWO\� WKH� VDPH�RUJDQL]DWLRQ� DV� WKH�RQH� XVHG�E\� WKH�2FWDQW� FDUGV� LQ� WKH
&)7�&36�V\VWHP��RI�FRXUVH��WKH�GDWD�VHQW�LV�GLIIHUHQW����7KLV�W\SH�RI�UHFRUG�VWUXFWXUH�LV�VKRZQ
RQ�)LJ����� �7KH�/��LQIRUPDWLRQ�KDV�FRPSOHWHG�GLIIHUHQW�VWUXFWXUH�DV�VKRZQ�RQ�)LJ������ �7KHVH
UHFRUGV�DUH�DV�IROORZV

À 5HFRUG����/��GDWD +HDGHU����ZRUGV�

To L1FPS TM

To L2FPSpp

')(

')(

L1FPS
(BT1)

North
South
(BT1)

32

14

Fast Serial Copper Link

LVDS Link

G Link

Data 6 To L3

Data 5 To L3

Figure 11.  Proposed System Architecture for the FPS



Definitions for L3 Data Transfers from the CFT Trigger

- 17 -

������������������������������ /��LQSXW�GDWD������������ ����
(UURU�,QIRUPDWLRQ����ZRUG�
7UDLOHU����ZRUG�

IRU�D�WRWDO�RI�����ZRUGV��������ELWV��

7KHVH�5HFRUGV�DUH�VHQW�E\�WKH�*�/LQN�ODEHOHG��'DWD���WR�/���RQ�)LJ�����%HFDXVH�WKHVH�WZR
5HFRUGV�DUH�VHQW�WKURXJK�WKH�VDPH�*�/LQN��WKH�WLPH�UHTXLUHG�WR�PDNH�WKH�WUDQVIHU�WR�WKH�/��LV
������µV�

7KH�6LQJOHW�FDUG�RQ�)LJ�����JHWV� LWV� LQSXW� IURP�IRXU�1RUWK�6RXWK�FDUGV�� � � ,W�DOVR�QHHGV� WR
VHQG�LWV�LQSXW�GDWD�WR�WKH�/����7KH�ZD\�WKH�GDWD�LV�VWUXFWXUHG�LQ�WKH�5HFRUG�VHQW�WR�/��LV�LGHQWLFDO

D5 D4 D2 D0 D9D14 D13

Header  3  words  (96 bits)

Figure 12.-  L3 data transfer of 8 L2FPSpp  data input records

Φ Relative Address of cluster

6(&725��$''5(661XPEHU�RI�)UDPHV�LQ�WKLV�5HFRUG

H LN/S U V Cluster Width

)LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV

7UDLOHU�����ZRUG������ELWV�

6HYHQ�7UDQVYHUVDO�3DULW\�%LWV�RI����/9'6�)UDPH )LUVW�HLJKW�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI����/9'6

/DVW�VL[WHHQ�ELWV�RI�/RQJLWXGLQDO�3DULW\�RI����/9'6�)UDPH

F3 F4F2F1 =HURV

R
1
0

)LOOLQJ�=HURV
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TP

3W���+ 3W���/ 3W���/ TP
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Figure 5.-  L3 data transfer of 10 L1 data input records


